Dulf Chemistry Central Journal 201 2, 6:1 06 
http://journal.chemistrycentral.eom/content/6/1/106 



Chemistry Central 
kwAv- Journal 



RESEARCH ARTICLE Open Access 



Fatty acids in berry lipids of six sea buckthorn 
{Hippophae rhamnoides L, subspecies carpatica) 
cultivars grown in Romania 

Francisc V Dulf 



Abstract 

Background: A systematic mapping of the phytochemical composition of different sea buckthorn (Hippophae 
rhamnoides L.) fruit subspecies is still lacking. No data relating to the fatty acid composition of main lipid fractions 
from the berries of ssp. carpatica (Romania) have been previously reported. 

Results: The fatty acid composition of the total lipids (oils) and the major lipid fractions (PL, polar lipids; FFA, free 
fatty acids; TAG, triacylglycerols and SE, sterol esters) of the oils extracted from different parts of six sea buckthorn 
berry subspecies (ssp. carpatica) cultivated in Romania were investigated using the gas chromatography-mass 
spectrometry (GC-MS). The dominating fatty acids in pulp/peel and whole berry oils were palmitic (23-40%), oleic 
(20-53%) and palmitoleic (1 1-27%). In contrast to the pulp oils, seed oils had higher amount of polyunsaturated 
fatty acids (PUFAs) (65-72%). The fatty acid compositions of TAGs were very close to the compositions of 
corresponding seed and pulp oils. The major fatty acids in PLs of berry pulp/peel oils were oleic (20-40%), palmitic 
(17-27%), palmitoleic (10-22%) and linoleic (10%-20%) acids, whereas in seeds PLs, PUFAs prevailed. Comparing with 
the other lipid fractions the SEs had the highest contents of saturated fatty acids (SFAs). The fatty acid profiles of 
the FFA fractions were relatively similar to those of TAGs. 

Conclusions: All parts of the analyzed sea buckthorn berry cultivars (ssp. carpatica) exhibited higher oil content 
then the other European or Asiatic sea buckthorn subspecies. Moreover, the pulp/peel oils of ssp. carpatica were 
found to contain high levels of oleic acid and slightly lower amounts of linoleic and ct-linolenic acids. The studied 
cultivars of sea buckthorn from Romania have proven to be potential sources of valuable oils. 

Keywords: Sea buckthorn, Hippophae rhamnoides L, Subspecies, Oil content, Fatty acids, Polar lipids, Free fatty 
acids, Triacylglycerols, Sterol esters, GC-MS 



Background 

Sea buckthorn (SB) [Hippophae rhamnoides L. Elaeag- 
naceae) is a bush or a small tree, of the Elaeagnaceae 
family, naturally distributed in Eurasia. The classification 
of genus Hippophae is still unclear. The most common 
species (sp.), H. rhamnoides, was classified in several 
subspecies (ssp.), including ssp. carpatica, which is na- 
tive in Romania [1]. Over the last decades the SB was 
domesticated in many countries from Asia, North and 
South America and Europe, not only for its soil and 
water conservation ability but also for its yellow-orange 
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berries with an acidic and astringent taste and a high nu- 
tritional value. SB berries are rich in a variety of phyto- 
chemicals with physiological properties such as vitamins 
(B, C, E and K), flavonoids, carotenoids, tocopherols and 
many volatile compounds (i.e., aliphatic esters, alcohols 
and hydrocarbons [2-4]. Significant amounts of inositols 
and methylinositols were found in SB berries, which are 
supposed to contribute to health benefits of SB fruits 
and derivatives [5]. SB fruit membranes are rich in caro- 
tenolipoprotein complexes with 61% phospholipids and 
39% galactolipids, as structural components [6]. In vitro 
and clinical studies show that the SB fruits have positive 
effect in the treatment of type 1 diabetic patients im- 
proving the glucose and lipid metabolism [7], possess 
high anti-oxidant, hemostatic and anti-inflammatory 
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effects [8,9] and help prevent cardiovascular disease and 
cancer [10,11]. 

In last years SB pulp and seed oils have become popu- 
lar food supplements playing important role in cancer 
therapy [9]. Several studies have indicated that these 
berry oils possess important immunostimulant, anti- 
ulcer and cholesterol-lowering effects, and may also be 
used in treatment of various skin diseases [12-15]. 

Both the seeds and soft parts (pulp/peel) of berries 
show high amounts of oil. The contents of bioactive 
lipophilic compounds, (i.e., phytosterols (up to 23 g/kg 
in seed oil and up to 29 g/kg in pulp/peel oil), tocopher- 
ols and tocotrienols (up to 2.9 g/kg in seed oil and up to 
1.8 g/kg in pulp oil) and carotenoids (up to 3.5 g/kg in 
pulp oil) are generally high in the extracted seed and 
pulp/peel oils [2,16,17]. The existing studies reported 
different chemical compositions for SB seed and pulp/ 
peel oils which vary widely depending on the subspecies, 
harvesting time of the fruits and the many other climatic 
and geographical conditions. Whereas the seed oil con- 
tains high amounts of unsaturated fatty acids, with 
linoleic (C18:2«-6) (30-40%) and a-linolenic (C18:3«-3) 
(20-35%) acid as the dominating fatty acids, the pulp/ 
peel oil is rich in palmitoleic (C16:l«-7) (16-54%) and 
palmitic acids (C16:0) (17-47%) being more saturated 
[16,18,19]. The TAGs and PLs are the major lipid frac- 
tions in both of SB seed and pulp/peel oils [17]. 

A systematic mapping of the phytochemical compos- 
ition of different SB fruits subspecies is still lacking. Ssp. 



carpatica is the most cultivated sea buckthorn ssp. in 
Romania. No data relating to the fatty acid composition 
of main lipid fractions from this berry ssp. have been 
previously reported. The purpose of the present study 
was to characterize the fatty acid composition of the 
total lipids (oils) and the major lipid fractions (PLs, 
FFAs, TAGs and SEs) of the oils extracted from different 
fruit parts of six SB subspecies (ssp. carpatica) cultivated 
in Romania. 

Results and discussion 

Oil content of the SB materials 

The oil content of seeds, soft parts and whole berries 
(based on fresh weight, f.w.) of different SB cultivars 
(ssp. carpatica) are presented in Figure 1-A. The oil 
amounts of the analyzed berry parts varied widely: 45- 
84 g kg -1 - in whole berries, 45- 88 g kg " 1 - in pulp/peel 
and 106-135 g kg _1 - in seeds. The average oil content 
in seeds of the studied SB ssp. (123 g kg -1 ) was signifi- 
cantly higher (p < 0.05) than in soft parts (60 g kg ~ x ) and 
whole berries (62 g kg " ), respectively (Figure 1-B). 
These results are similar with the oil contents of ssp. 
mongolica, and higher than those reported for ssp. sinen- 
sis (97 g kg 1 seeds, f.w. and 41 g kg 1 berry, f.w.) [16]. 
Yang et al. [17] determined the following amounts of oils 
for ssp. rhamnoides: 11% (f.w.) in seeds, 3% (f.w.) in soft 
parts and 3.5% (f.w.) in whole berries, respectively. 
Gutierrez et al. [18] concluded that the drying methods 
of SB berry parts could affect the oil extraction yield. 




Sea buckthorn samples 
(ssp. carpatica) 

Figure 1 Oil content (g kg _1 fresh weight) of sea buckthorn berries (ssp. carpatica): A- oil content of different parts of six cultivars; B- 
the average oil content in analyzed parts of berries (mean of six cultivars). 
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These authors reported significant differences between 
the total oil content of air-dried berry pulp (cultivar In- 
dian-summer) and freeze-dried pulp (36% vs. 16% 
(weight/weight, w/w)), whereas the total lipid recovery 
from air-dried seeds and freeze-dried seeds were similar 
(11% and 12% (w/w)). 

Fatty acid composition in oil of pulp/peel, seeds and 
whole berries 

The fatty acid compositions of pulp/peel, seeds and 
whole berries oils of six SB berry cultivars (ssp. carpa- 
tica) are listed in Tables 1 and 2. Due to the dominance 
of the pulp and peels in SB fruit, the composition of the 
oil from the whole berry resembled that of the pulp/peel 
oil. 

The fatty acid levels of the seed and berry pulp/peel 
oil varied widely. 

The dominating fatty acids in berry pulp/peel oils were 
palmitic (16:0) (23-40%), oleic (18:ln-9) (20-53%) and 
palmitoleic (16:ln-7) (11-27%). Small or trace amounts 
of vaccenic (18:ln-7), linoleic(18:2n-6), oc-linolenic 
(18:3n-3), stearic (18:0), myristic (14:0), pentadecanoic 
(15:0), cis-7 hexadecenoic (16:ln-9), margaric (17:0) and 
two long chain fatty acids, arachidic (20:0) and eicose- 
noic (20:ln-9) acids were observed in all analyzed soft 
part oils. In two cultivars, CI and C2, the proportions of 
oleic acid (32.76% for CI and 53.08% for C2) exceeded 
that of the palmitoleic acid (19.53% for CI and 11.05% 
for C2). From these results can be concluded that 
MUFAs were the dominant fatty acid classes (53-70%), 
followed by SFAs (26-41%) and PUFAs (3-7%) (Table 2). 
The PUFA/SFA ratios were close to zero, with a signi- 
ficantly high value (0.17) (p<0.05) in pulp/peel oil of 
C6. Statistically significant differences (p < 0.05) were 
observed between n-6/n-3 ratios of analyzed berry pulp/ 
peel oils, with the highest value in cultivar C4 (7.67) and 
the lowest in C6 (1.09), respectively (Table 2). 

Similar amounts of palmitic (in cv. Indian-summer 
and H. rhamnoides (India)), vaccenic (in cv. Indian-sum- 
mer and ssp. sinensis) and oc-linolenic (in cv. Indian- 
summer, H. rhamnoides (India) and H. salcifolia) acids 
were recently reported by different authors for berry 
pulp oil. Higher proportions of palmitoleic acid and 
much lower levels of oleic acid were characteristic of the 
Finnish, Chinese and Canadian soft part SB oils, except- 
ing species H. tibetana which presented similar percen- 
tages of (18:ln-9) with those of results from the present 
study [2,17,18]. 

Seed oils consisted mainly of linoleic, a-linolenic, oleic, 
palmitic and stearic acids, with minor or trace amounts 
of vaccenic, palmitoleic, arachidic, eicosenoic, myristic, 
pentadecanoic and margaric acids (Table 1). A notable 
feature of the berry seed oils was the extremely low 
level of palmitoleic acid (0.1-0.5%). The relatively high 



deviations were observed in the proportions of oleic (13- 
21%) and linoleic (33-43%) acids. In contrast to the pulp 
oils, seed oils had higher amounts of PUFAs (65-72%) 
and lower proportions of MUFAs (16-21.5%) and SFAs 
(11-16%), respectively (Table 2). These oils, character- 
ized by high ratios of PUFAs/SFAs, with an extremely 
significant high value (p < 0.05) for cultivar C2 (6.25), 
are susceptible to oxidative damage due to their high 
a-linolenic acid content (28-33%). Statistically signifi- 
cant variations (p < 0.05) were observed between n-6/n-3 
ratios of analysed six seed oils, with all the values close to 
1 (Table 2). This phenomenon could be explained by the 
ratio of linoleic to a-linolenic acid (close to 1:1), which is 
different from the main vegetable oils [20,21]. Generally 
the proportions of unsaturated fatty acids from seed oils 
obtained in this study were in accordance with those 
reported by Yang and Kallio [17] and Yang et al. [22] for 
ssp. sinensis and rhamnoides. The concentration of a- 
linolenic was found slightly higher in air- and freeze- dried 
SB seed oils (~ 37% and ~ 39%, respectively) of cv. Indian- 
summer than in the corresponding oils from the present 
work [18]. 

The high amount of palmitoleic acid, unusual for a 
vegetable oil, distinguishes the berry pulp/peel oils from 
the seed oils of SB. This valuable fatty acid, which is an 
important component of skin fat, has attracted an in- 
creasing interest due to its hypocholesterolemic and 
hypoglyceridemic activities [2]. 

Comparing the average proportions (average of six cul- 
tivars) of the fatty acid classes from the oils of different 
parts of berries, the seed oil contained significantly lower 
proportions of SFAs and MUFAs (p < 0.05), and signifi- 
cantly higher amount of PUFAs (p < 0.05), than the 
whole berry and pulp/peel oils (Figure 2). 

Fatty acid composition in individual lipid fractions of oils 
from pulp/peel and seeds 

The fatty acid compositions of the main lipid classes 
(PLs, FFAs, TAGs and SEs) from pulp/peel and seed oils 
are presented in Tables 3, 4, 5 and 6. 

Fatty acid composition of TAGs 

The fatty acid compositions of TAGs (Figure 3) were 
very close to the compositions of corresponding seed 
and pulp oils, with the same dominating fatty acid 
classes (Table 1; Figure 4 (a), (b) and (c)). 

Fatty acid composition of PLs 

The dominating fatty acids in descending order in berry 
pulp/peel oils were oleic (20-40%), palmitic (17-27%), 
palmitoleic (10-22%), linoleic (10%-20%) and a-linolenic 
(4-9%) acids (Table 3). In all PL fractions extremely sig- 
nificant differences (p < 0.05), were observed between 
the proportions of fatty acid classes, with the MUFAs as 
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Table 1 Fatty acid composition (weight % of total fatty acids) of oils from whole berries, pulp/peel and seeds of 
different cultivars of H. rhatnnoides L. (ssp. carpatica) fruits 









Sea buckthorn cultivars (ssp. carpatica) 






Fatty acid 


C1 


C2 


C3 


C4 


C5 


C6 


Whole berries 


C1 4'0 


n 99 + n 

U.ZZ JZ U.UJ 


n ^1 + n 1 n 

U.O I IU. IU 


n + n 1 o 

U.J? ZL U. [ u 


n 9^ + n o^ 

U./J ZL U.UJ 


U.J / X U.U J 


n 33 + n o^ 

U.JJ X U.Uj 




tr 


U.UJ ZL u.uz 


n oa + n 01 

U.U*+ ZL u.uz 


n + n ni 

U.UJ ZL U.U 1 


n 03 + o 09 

U.UJ ZL u.uz 


n oa + n o i 

U.U*+ JZ U.U 


C1 6:0 


35.11 ±0.80 


20.80 ±0.61 


36.1 6 ±0.84 


37.33 ± 0.87 


37.21 ±0.89 


33.32 ±0.64 


C16:1n-9 


0.02 ±0.01 


0.1 4 ±0.02 


0.04 ± 0.02 


0.02 ±0.01 


0.02 ±0.01 


0.03 + 0.02 


C16:1n-7 


19.80 ±0.55 


9.63 ± 0.38 


24.64 ±0.46 


23.70 ±0.65 


23.75 + 0.75 


1 9.65 ± 0.60 


C1 7:0 


0.03 ±0.02 


0.03 ± 0.02 


0.02 ±0.01 


0.02 ±0.01 


0.02 ±0.01 


tr 


C1 8:0 


1.41 ±0.17 


2.86 ±0.1 4 


0.94 ±0.10 


0.96 ±0.1 2 


0.82 + 0.08 


1.27 ±0.10 


C18:1n-9 


30.47 ±0.73 


45.90 ±0.80 


22.29 ±0.62 


23.93 ± 0.73 


24.85 ± 0.65 


28.39 ±0.91 


C18:1n-7 


6.78 ±0.20 


4.55 ±0.30 


6.23 ± 0.20 


6.58 ±0.22 


5.76 ±0.22 


5.37 ±0.1 7 


C18:2n-6 


3.05 ±0.1 3 


10.87 ±0.38 


6.24 ±0.25 


5.1 7 ±0.20 


4.57 ± 0.23 


7.60 ±0.25 


C18:3n-3 


2.90 ±0.1 4 


4.1 7 ±0.1 5 


2.67 ±0.1 3 


1.86 ±0.1 4 


2.41 ±0.19 


3.86 ±0.1 6 


C20:0 


0.1 7 ±0.05 


0.23 + 0.04 


0.1 2 ±0.02 


0.1 2 ±0.03 


0.1 4 ±0.03 


0.1 3 ±0.03 


C20:1n-9 


0.06 ±0.02 


0.1 5 ±0.02 


0.03 ±0.01 


0.02 ±0.01 


0.05 + 0.02 


tr 


Pulp/peel 


C14:0 


0.23 ±0.03 


0.59 ±0.06 


0.46 ±0.04 


0.29 ± 0.05 


0.42 ± 0.05 


0.40 ±0.04 


C15:0 


tr 


0.04 ±0.02 


0.03 ± 0.02 


0.03 ± 0.02 


0.03 + 0.01 


0.04 ±0.02 


C16:0 


34.62 ±0.88 


23.1 7 ±0.63 


39.11 ±0.91 


38.76 ±1.11 


39.22 ± 1 .22 


37.68 ±1.12 


C16:1n-9 


0.04 ±0.02 


0.1 6 ±0.04 


0.02 ±0.01 


0.01 ±0.01 


0.02 ±0.01 


0.03 ± 0.02 


C16:1n-7 


1 9.53 ± 0.67 


1 1 .05 ± 0.44 


26.70 ±0.58 


25.74 ±0.96 


26.1 9 ±0.71 


24.90 + 0.90 


C1 7:0 


0.03 ±0.02 


0.02 ±0.01 


0.02 ±0.01 


0.02 ±0.01 


0.03 + 0.02 


0.02 + 0.01 


C18:0 


1.25 ±0.1 5 


2.53 ± 0.07 


0.84 ±0.06 


0.77 ±0.08 


0.61 ±0.07 


0.87 ±0.08 


C18:1n-9 


32.76 ±0.94 


53.08 ±1.12 


20.81 ±0.69 


22.75 ± 0.75 


24.41 + 0.74 


23.10 ±0.82 


C18:1n-7 


6.41 ±0.29 


5.34 ±0.1 6 


6.41 ±0.20 


6.85 ± 0.25 


5.72 + 0.18 


6.31 ±0.19 


C18:2n-6 


4.06 ±0.1 6 


2.25 ±0.10 


4.57 ±0.1 8 


4.1 5 ±0.1 6 


2.57 ±0.09 


3.41 +0.10 


C18:3n-3 


0.84 ±0.08 


1 .33 ± 0.07 


0.90 ±0.05 


0.54 ± 0.04 


0.63 ± 0.04 


3.14 + 0.11 


C20:0 


0.1 7 ±0.03 


0.24 ±0.04 


0.10 ±0.02 


0.07 ±0.02 


0.12 + 0.03 


0.10 ±0.03 


C20:1n-9 


0.06 ±0.03 


0.20 ±0.05 


0.03 ±0.01 


tr 


0.05 + 0.02 


tr 


Seeds 


C1 4:0 


0.10 ±0.02 


0.09 ± 0.03 


0.24 ±0.03 


0.1 5 ±0.03 


0.1 2 ±0.02 


0.09 ±0.01 


CI 5:0 


0.11 ±0.03 


tr 


0.30 ±0.04 


tr 


0.12 + 0.03 


tr 


C1 6:0 


9.1 2 ±0.38 


7.1 4 ±0.26 


12.44 ±0.44 


9.43 ± 0.33 


10.29 + 0.31 


8.06 ±0.28 


C16:1n-9 


nd 


nd 


nd 


nd 


nd 


nd 


C16:1n-7 


0.53 ±0.07 


0.1 6 ±0.03 


0.36 ±0.03 


0.43 ± 0.06 


0.33 ± 0.04 


0.1 9 ±0.03 


C17:0 


0.03 ±0.01 


0.03 ± 0.02 


tr 


0.05 ±0.01 


0.03 + 0.01 


tr 


C18:0 


3.03 ±0.07 


3.84 ±0.08 


2.91 ±0.09 


3.68 ±0.11 


3.10 + 0.10 


2.98 ±0.08 


C18:1n-9 


13.57 ±0.53 


14.89 ±0.41 


16.74 ±0.66 


15.49 ±0.51 


1 6.30 ± 0.60 


20.09 ±0.71 


C18:1n-7 


2.28 ±0.11 


1 .38 ± 0.08 


1.48 ±0.10 


2.22 ±0.10 


2.29 + 0.11 


1 .27 + 0.07 


C18:2n-6 


42.35 ± 0.95 


42.1 2 ±1.13 


33.72 ±0.98 


36.98 ±0.82 


34.41 ±1.04 


38.93 + 1.17 


C18:3n-3 


28.50 ±0.55 


29.78 ±0.62 


31.81 ±0.72 


30.98 ±0.70 


32.60 ± 0.80 


28.13 + 0.67 


C20:0 


0.37 ±0.04 


0.41 ±0.04 


0.21 ±0.04 


0.49 ±0.03 


0.35 + 0.04 


0.26 + 0.04 


C20:1n-9 


tr 


0.1 6 ±0.03 


tr 


0.10 ±0.02 


0.06 + 0.02 


tr 



Values are mean ± SD of three samples of each fruit part, analyzed individually in triplicate; C1 - C6, sea buckthorn (ssp. carpatica) cultivars. 

CI 4:0, myristic; CI 5:0, pentadecanoic; CI 6:0, palmitic; C16:1n-9, c/s-7 hexadecenoic; C16:1n-7, palmitoleic; CI 7:0, margaric; C18:0, stearic; C18:1n-9, oleic; C18:1n-7, 
vaccenic; C18:2n-6, linoleic; C18:3n-3, a-linolenic; C20:0, arachidic; C20:1n-9, eicosenoic acids. 
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Table 2 Fatty acid composition (weight % of total fatty acids) of oils from different parts of sea buckthorn fruits 
(ssp. carpatica) 









Sea buckthorn cultivars (ssp. carpatica) 






Fatty acid classes 


C1 


C2 


C3 


C4 


C5 


C6 


Whole berries 


ESFAs 


36.94 ±1.09t, b 


24.58 ±0.93 b 


37.87+ 1.09 b b 


38.72 ± 1 .09 b 


38.59 + 1 .06 b 


35.09± 0.83b 


£ MUFAs 


57.12±1.51 ab 


60.37±1.52 a a 


53.22 ±1. 31 1 


54.26+ 1.62 bc 


54.43 ±1.65 bc 


53.45 ± 1 .70 a 


J2 PUFAs 


5.95 ± 0.27c 


1 5.05 ± 0.53 a 


8.91 ±0.38 c 


7.03 ± 0.34c 


6.98 ± 0.42* 


11.46 + 0.41 b 


PUFAs/SFAs 


0./6 d 


0.6 f 


0.24 c 


0.18 cd 


0.18^ 


0.33 b 


n-6/n-3 


/.05 e 


2.6 l b 


2.34 c 


2.79* 


1.90 6 


1.97* 


Pulp/peel 


ESFAs 


36.30 + 1.1 1^ 


26.59 ±0.83 b 


40.56+ 1.06g 


39.95 ± 1 .2% 


40.41 ± 1 .40 b 


39.11 ±1.30 b b 


£ MUFAs 


58.80 ± 1.95a 


69.83 ± 1.81JI 


53.96 ± 1 49 b 


55.36+ 1.97a 


56.39+ 1.66a 


54.34 ± 1 .93a 


£ PUFAs 


4.90 ± 0.24 c 


3.58 ±0.1 7c 


5.47 ± 0.23c 


4.69 ± 0.20c 


3.20 ±0.1 3 d 


6.56 ± 0.21 a 


PUFAs/SFAs 


O.J3 ab 


O.I3 ab 


O.I3 ab 


0./2 bc 


0.0S C 


0.17 s 


n-6/n-3 


4.83 b 


1.70* 


5.05 b 


7.67" 


4.1 1 c 


1.09? 


Seed 


ESFAs 


12.77±0.55 bc 


11.51 ± 0.43c 


15.89±0.64 a 


13.79 ±0.5 1 6 


1 4.00 + 0.5 1 b 


11. 39 ± 0.41 c 


MUFAs 


16.38 ±0.7 1b 


1 6.59 ± 0.55 b d 


1 8.58 ± 0.79b 


18.24±0.69b c 


1 8.99 ± 0.77b 


21. 55 ± 0.81b 


£ PUFAs 


70.84 ±1.50 ab 


71. 90 ±1.751 


65.53 ± 1.70a 


67.97 ± 1 .52 abc 


67.01 ±1.84 bc 


67.06+ 1.84 bc 


PUFAs/SFAs 


5.55 c 


6.25" 


4.1? 


4.93 d 


4.79* 


5.89 b 


n-6/n-3 


/.49 a 


;.4/ b 


1.06 e 


1.19* 


/.06 e 


/.38 c 



CI - C6, sea buckthorn (ssp. carpatica) cultivars. 

Values are mean ± SD of three samples of each fruit part, analyzed individually in triplicate. Means in the same row followed by different superscript letters 
indicate significant differences (p<0.05) among cultivars (C1-C5); means in the same column followed by different subscript letters indicate significant differences 
(p < 0.05} between fatty acid classes of each cultivar; SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids. 



presented the highest values (p < 0.05) for PUFA/SFA 
ratios. The n-6/n-3 ratios varied between 1.4 (in CI) 
and 4.1 (in C3) (Table 5). Recent studies have shown 
that a balanced intake of dietary PUFA and SFA (ranged 
between 1.0 and 1.5) can contribute to reduce cardio- 
vascular diseases [23,24]. The glycerophospholipids from 
pulp/peel oils of subspecies sinensis, rhamnoides and 
mongolica presented greater amounts of the 18:2n-6 
(25.7%, 24.2% and 32.1%, respectively) and 18:3n-3 (15.4%, 
12.9% and 10%, respectively) fatty acids than those of cor- 
responding PLs from the present study [16,17]. The 
phospholipid fractions from SB pulp oils of cv. Indian- 
summer exhibited much higher amounts of palmitoleic 
(22.7-25%) and lower amounts of oleic (1.4-2.4%) acids 
than coresponding samples of this work [18]. 

In seeds PLs, PUFAs were present in a significantly 
greater proportion (p < 0.05), than SFAs and MUFAs 
(Tables 4 and 6). The oleic and linoleic acid contents 
(Table 4) were comparable with the values reported for 
the seeds of Asian and European SB berries [16-18]. 
Small variations of n-6/n-3 ratios were observed for the 
seed oils PLs, the values (Table 6) being close to the 
recommended essential fatty acid balance, reported in 
literature [25]. As shown in Figure 4 (a) and (c) the aver- 
age value of MUFAs was significantly higher, in the berry 
pulp/peel oil PL than in the seed oil PL (53.5% vs 17.9%, 



the major fatty acids (Table 5). All the values of PUFA/ 
SFA ratios were close to 1, varying between 0.67 (for 
C4) and 1.36 (for C2), respectively. Comparing the 
pulp/peel lipid fractions from the studied cultivars, PLs 




*4 

Fatty acid classes 

Figure 2 Comparison of the fatty acid classes compositions (as 
% of total fatty acids) from the oils of different parts of sea 
buckthorn fruits (ssp. carpatica). 



Table 3 Fatty acid composition (weight % of total fatty acids) of individual lipid classes from pulp/peel oils of different cultivars (C1-C6) of sea buckthorn 
fruits (ssp. carpatica) 

Fatty acids (weight % of total fatty acids; mean ± SD, n = 3) 

Species C14:0 C15:0 C16:0 C16:1n-9 C16:1n-7 C17:0 C18:0 C18:1n-9 C18:1n-7 C18:2n-6 C18:3n-3 C20:0 C20:1n-9 
CI 

PL 0.36 ±0.03 nd 24.48 ±0.82 nd 14.57 ±0.42 nd 1.34 ±0.04 34.1 3 ±0.85 6.21 ±0.20 10.82 ±0.45 7.54 ±0.25 0.55 ±0.04 nd 

FFA 1.25 ±0.10 nd 32.09±0.80 nd 17.70±0.48 nd 18.20±0.60 18.80±0.57 3.94 ±0.11 5.82±0.22 2.20±0.10 nd nd 

TAG 0.26±0.04 0.03±0.02 38.98 ±1.10 0.12±0.03 21 .16 + 0.52 0.06±0.02 0.98±0.10 28.98±0.75 6.13 + 0.25 2.69 + 0.1 1 0.49±0.04 0.11 ±0.02 0.02±0.01 

SE 1.35 + 0.12 nd 27.53±0.90 0.90±0.04 1.52 ±0.09 0.52±0.06 38.85 ±1.11 20.24±0.56 0.27±0.05 6.19 + 0.25 0.94±0.04 1.70 + 0.08 nd 
C2 

PL 0.34 + 0.04 nd 17.52 + 0.58 nd 10.34 + 0.38 nd 1.1 3 ±0.04 39.57±0.80 5.18 + 0.19 17.09 + 0.60 8.83 + 0.28 tr nd 

FFA 1.50 ±0.10 nd 33.98 ±0.89 nd 14.83 ±0.42 nd 17.26 ±0.58 22.55 ±0.40 3.60 ±0.1 4 4.60 + 0.18 1.68 ±0.06 nd nd 

TAG 0.57±0.04 0.02±0.01 24.39±0.78 0.32±0.03 13.81 ±0.46 tr 2.04±0.12 48.83±0.90 5.75 + 0.18 2.52 + 0.10 1.48 + 0.12 0.13 + 0.02 0.15 + 0.02 

SE 1.65 + 0.09 nd 27.77 + 0.63 0.60 + 0.04 1.12 + 0.11 0.42 + 0.04 36.52 ±0.84 22.82 ±0.78 0.32 ±0.04 6.60 ±0.28 0.68 ±0.10 1.50 ±0.07 nd 



C3 



PL 


0.55 ± 0.05 


nd 


23.97 


±0.48 


nd 


2 1.00 ±0.58 


nd 


1.40 ±0.1 5 


20.55 ±0.55 


7.71 ±0.30 


19.45 


±0.70 


4.72 ±0.1 8 


0.64 ±0.04 


nd 


FFA 


1 .32 ± 0.08 


nd 


35.52 


±0.95 


nd 


16.20 ±0.62 


nd 


18.20 ±0.53 


18.84 ±0.50 


3.20 ±0.1 2 


4.82 


±0.15 


1.90 ±0.06 


nd 


nd 


TAG 


0.38 ±0.04 


tr 


40.16 


±1.18 


0.08 ±0.02 


26.31 : 


±0.72 


0.04 ±0.02 


0.83 ± 0.06 


1 9.81 ± 0.40 


6.70 ±0.1 5 


4.84 


±0.14 


0.63 ±0.07 


0.1 6 ±0.02 


0.08 ± 0.02 


SE 


1 .42 ± 0.08 


nd 


26.53 


±0.52 


0.82 ±0.03 


1.42: 


±0.19 


0.50 ±0.05 


39.89+ 1 .15 


16.60 ±0.42 


0.82 ±0.06 


8.60 


±0.28 


1.20 ±0.05 


2.20 ±0.10 


nd 


C4 


PL 


0.72 ± 0.05 


nd 


27.22 


±0.72 


nd 


19.90: 


±0.58 


nd 


0.88 + 0.05 


23.24 ±0.62 


8.08 ±0.25 


14.74 


±0.48 


4.75 ±0.1 6 


0.48 ± 0.04 


nd 


FFA 


1.88 ±0.08 


nd 


36.42 


±0.80 


nd 


16.72: 


±0.68 


nd 


16.85 + 0.62 


18.1 5 ±0.45 


3.12 + 0.13 


4.38 


±0.16 


2.48 ±0.1 2 


nd 


nd 


TAG 


0.28 ±0.04 


tr 


40.45 


±1.12 


0.03 ±0.02 


25.64: 


±0.72 


0.02 ±0.01 


0.82 ± 0.04 


21.1 7 ±0.43 


7.03 + 0.28 


3.96 


±0.15 


0.46 ±0.04 


0.1 4 ±0.02 


tr 


SE 


0.88 ±0.06 


nd 


29.22 


±0.72 


0.30 ±0.04 


0.90: 


±0.08 


0.20 ±0.04 


33.1 8 ±0.72 


25.44 ±0.70 


1.20 ±0.05 


5.20 


±0.20 


1.60 ±0.05 


1.88 ±0.09 


nd 


C5 


PL 


0.26 ±0.03 


nd 


20.27 


±0.57 


nd 


22.12: 


±0.80 


nd 


3.48 ±0.1 4 


27.22 ±0.60 


7.31 ±0.25 


14.21 


±0.32 


4.60 ±0.20 


0.52 ±0.03 


nd 


FFA 


1.72 ±0.10 


nd 


30.54 


±0.81 


nd 


14.65: 


±0.46 


nd 


16.90 ±0.65 


23.70 ±0.82 


4.20 ±0.1 6 


5.89 


±0.19 


2.40 ±0.10 


nd 


nd 


TAG 


0.30 ± 0.04 


tr 


39.19 


±0.91 


0.06 ±0.02 


24.20 : 


±0.52 


0.02 ±0.01 


0.94 ±0.10 


24.94 ±0.71 


6.53 ±0.22 


2.93 


±0.11 


0.62 ±0.06 


0.20 ±0.03 


0.08 ± 0.02 


SE 


2.20 ±0.09 


nd 


26.42 


±0.52 


0.70 ±0.03 


1.40: 


±0.11 


0.70 ±0.04 


40.05 ±0.92 


19.60 ±0.54 


0.48 ±0.06 


5.80 


±0.20 


1.00 ±0.05 


1.65 ±0.05 


nd 


C6 


PL 


0.45 ± 0.05 


nd 


21.75 


±0.57 


nd 


22.07 


±0.60 


nd 


1.21 ±0.09 


25.83 ±0.75 


7.33 ±0.30 


15.10 


±0.30 


5.91 ±0.19 


0.36 ±0.03 


nd 


FFA 


1.68 ±0.08 


nd 


33.09 


±0.61 


nd 


15.60: 


±0.42 


nd 


15.64 ±0.45 


21 .78 ±0.48 


4.10 + 0.15 


5.95 


±0.15 


2.1 7 ±0.10 


nd 


nd 


TAG 


0.42 ±0.04 


0.05 ±0.02 


36.97 


±1.13 


0.08 ±0.03 


25.59: 


±0.92 


0.03 ±0.01 


0.96 ± 0.09 


24.82 ± 0.65 


6.66 ±0.28 


3.53 + 0.14 


0.68 ±0.05 


0.1 3 ±0.02 


0.10 ±0.03 


SE 


1.20 ±0.06 


nd 


24.20 


±0.61 


1.10 ±0.03 


1.30: 


±0.12 


0.88 ±0.03 


39.80 ±0.88 


22.34 ± 0.66 


0.82 ±0.05 


5.70 


±0.18 


0.78 ±0.07 


1.88 ±0.07 


nd 



PL- polar lipids, FFA- free fatty acids, TAG- triacylglycerols, SE- sterol esters. 



Table 4 Fatty acid composition (weight % of total fatty acids) of individual lipid classes from seed oils of different cultivars (C1-C6) of sea buckthorn fruits 
(ssp. carpatica) 



Fatty acids (weight % of total fatty acids; mean ± SD, n = 3) 



Species 


CI 4:0 


C15:0 


C16:0 


C16:1n-9 


C16:1n-7 


C17:0 


C18:0 


C18:1n-9 


C18:1n-7 


C18:2n-6 


C18:3n-3 


C20:0 


C20:1n-9 


C1 


PL 


0.1 6 ±0.02 


0.1 3 ±0.03 


17.21 ±0.64 


nd 


0.26 ±0.04 


tr 


6.30 ±0.20 


14.23 ±0.57 


4.32 ±0.1 5 


45.48 + 1 .22 


1 1 .09 ± 0.45 


0.82 ± 0.04 


tr 


FFA 


0.46 ±0.04 


tr 


25.33 ±0.80 


nd 


0.41 ±0.02 


tr 


9.1 3 ±0.28 


17.98 ±0.62 


4.56 ±0.1 4 


30.34 ±0.90 


1 1 .79 ± 0.40 


tr 


nd 


TAG 


0.09 ±0.02 


0.1 4 ±0.02 


8.1 9 ±0.25 


nd 


0.55 ±0.02 


0.04 ±0.02 


2.51 ±0.16 


17.94 ±0.66 


2.27 ±0.09 


43.65 ±1.1 2 


24.22 ±0.82 


0.29 ±0.03 


0.10 ±0.02 


SE 


0.56 ±0.05 


0.05 ± 0.02 


24.59 ±0.62 


nd 


0.22 ±0.03 


0.39 ± 0.04 


29.36 ±0.77 


13.37 ±0.43 


1 .78 ± 0.08 


1 8.05 ± 0.50 


7.94 ±0.22 


3.68 ±01 2 


nd 


C2 


PL 


0.06 ±0.02 


0.06 ±0.03 


16.33 ±0.42 


nd 


0.09 ±0.02 


tr 


6.93 ±0.28 


14.56 ±0.40 


3.41 ±0.15 


46.98 ±1.23 


10.31 ±0.38 


0.96 ± 0.04 


0.30 ±0.03 


FFA 


1 .20 ± 0.08 


0.30 ±0.02 


26.32 ±0.62 


nd 


0.20 ±0.03 


0.30 ± 0.04 


11. 20 ±0.38 


16.20 ±0.48 


3.10 + 0.12 


27.78 ±0.85 


12.20 + 0.40 


1 .20 ± 0.05 


nd 


TAG 


0.06 ±0.03 


0.09 ± 0.02 


5.63 ±0.1 8 


nd 


0.1 6 ±0.03 


tr 


2.32 + 0.16 


13.56 ±0.54 


1.25 ±0.05 


44.02 ±1.10 


32.68 + 0.95 


0.1 2 ±0.03 


0.1 2 ±0.03 


SE 


0.25 ±0.03 


0.02 ±0.01 


26.20 ±0.82 


nd 


0.30 ±0.04 


0.42 ± 0.05 


28.40 ±0.72 


12.27 ±0.50 


1.65 ±0.06 


17.55 ±0.68 


8.74 ± 0.30 


4.20 ±0.1 8 


nd 


C3 


PL 


0.1 5 ±0.02 


0.10 ±0.03 


18.69 ±0.52 


nd 


0.1 5 ±0.02 


0.14 ±0.03 


8.64 ±0.32 


12.72 ±0.52 


4.05 ±0.1 6 


40.90 ±0.95 


13.33 ±0.42 


0.99 ±0.06 


0.1 5 ±0.2 


FFA 


1.60 ±0.08 


0.20 ±0.02 


25.80 ±0.76 


nd 


0.30 ±0.03 


0.60 ±0.06 


15.10 + 0.44 


15.20 ±0.39 


1 .98 ± 0.05 


25.80 ±0.85 


12.52 ±0.52 


0.90 ±0.07 


nd 


TAG 


tr 


tr 


7.99 ±0.28 


nd 


0.1 9 ±0.02 


tr 


3.55 ±0.20 


1 7.72 ± 0.68 


1.84 ±0.06 


36.05 ±1.10 


3 1.77 ±0.88 


0.60 ±0.05 


0.28 ± 0.04 


SE 


0.62 ±0.03 


0.04 ±0.02 


25.20 ±0.78 


nd 


0.28 ±0.03 


0.26 ±0.03 


3 1.68 ±0.88 


10.82 ±0.40 


1 .42 + 0.06 


16.80 ±0.65 


7.28 + 0.28 


5.60 ±0.20 


nd 


C4 


PL 


0.1 2 ±0.03 


0.06 ± 0.02 


17.29 ±0.50 


nd 


0.21 ±0.03 


0.11 ±0.02 


6.95 ±0.25 


12.61 ±0.38 


4.62 ±0.1 7 


43.08 ± 1 .20 


13.85 ±0.52 


1.10 ±0.06 


tr 


FFA 


1.10 ±0.06 


0.1 5 ±0.03 


27.58 ±0.60 


nd 


0.1 5 ±0.02 


0.25 ±0.05 


14.80 ±0.38 


1 2.85 ± 0.42 


2.85 ±0.10 


27.10 ±0.90 


12.20 + 0.40 


0.97 ±0.07 


nd 


TAG 


0.06 ±0.02 


0.1 2 ±0.03 


8.76 ±0.30 


nd 


0.41 ±0.04 


0.04 ±0.02 


3.10 + 0.10 


15.55 ±0.55 


2.28 ±0.1 2 


36.84 ±1.18 


32.26 ±0.80 


0.47 ±0.06 


0.11 ±0.03 


SE 


0.42 ±0.03 


0.02 ±0.01 


27.20 ±0.72 


nd 


0.1 8 ±0.02 


0.35 ±0.04 


30.13 ±1.00 


11. 25 ±0.32 


1.60 ±0.07 


16.1 5 ±0.60 


6.90 ±0.20 


5.80 ±0.1 5 


nd 


C5 


PL 


0.11 ±0.02 


tr 


20.62 ±0.80 


nd 


0.09 ±0.03 


0.10 ±0.02 


7.1 6 ±0.22 


12.33 ±0.52 


4.46 + 0.20 


40.86 + 1 .25 


13.04 ±0.38 


1 .22 ± 0.08 


tr 


FFA 


0.93 ±0.04 


0.23 ± 0.03 


20.09 ± 0.78 


nd 


tr 


tr 


12.26 ±0.40 


13.37 ±0.44 


2.96 ±0.1 2 


29.53 ± 1 .00 


19.55 ±0.62 


1.09 ±0.06 


nd 


TAG 


0.07 ±0.03 


tr 


8.82 ±0.32 


nd 


0.41 ±0.05 


0.02 ±0.01 


2.73 ±0.09 


15.75 ±0.50 


2.40 ±0.10 


35.28 ±1.10 


34.03 ±1.12 


0.41 ±0.04 


0.07 ± 0.02 


SE 


0.50 ±0.03 


tr 


23.80 ±0.84 


nd 


0.20 ±0.04 


0.30 ±0.04 


32.80 ±0.98 


12.30 ±0.48 


1 .90 + 0.06 


15.85 ±0.45 


6.90 ±0.25 


5.45 ±0.20 


nd 


C6 


PL 


0.10 ±0.02 


0.08 ± 0.02 


20.23 ±0.54 


nd 


0.1 4 ±0.03 


0.23 ± 0.03 


6.94 ±0.1 8 


15.30 ±0.39 


3.91 ±0.16 


41 .54 ±1.22 


10.51 ±0.42 


1 .02 ± 0.05 


tr 


FFA 


1.44 ±0.06 


0.28 ± 0.04 


24.64 ±0.78 


nd 


0.41 ±0.06 


0.50 ±0.05 


14.41 ±0.38 


14.01 ±0.39 


2.67 ±0.1 2 


26.1 2 ±0.95 


14.00 ±0.60 


1.53 ±0.06 


nd 


TAG 


0.05 ±0.02 


0.1 2 ±0.03 


7.24 ±0.30 


nd 


0.29 ±0.03 


0.05 ±0.01 


2.86 ±0.1 2 


18.61 ±0.52 


1.77 ±0.07 


39.70+ 1.12 


28.85 ±0.90 


0.31 ±0.03 


0.1 6 ±0.03 


SE 


0.30 ±0.04 


tr 


25.20 ±0.82 


nd 


0.28 ± 0.03 


0.40 ± 0.06 


31.80+1.10 


1 2.80 ± 0.42 


1.30 ±0.06 


17.20 + 0.50 


5.80 ± 0.20 


4.92 ±0.1 8 


nd 



PL- polar lipids, FFA- free fatty acids, TAG- triacylglycerols, SE- sterol esters. 
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Table 5 Fatty acid composition (weight % of total fatty 
acids) of individual lipid classes from pulp/peel oils of 
different cultivars of sea buckthorn fruits (ssp. carpatica) 



Table 6 Fatty acid composition (weight % of total fatty 
acids) of individual lipid classes from seed oils of 
different cultivars of sea buckthorn fruits (ssp. carpatica) 





Fatty acids (weight % of total fatty acids) 








Fatty acids (weight % of total fatty acids) 




Species 


E SFA 


MUFA 


J2 PUFA 


PUFA/ 
SFA 


n-o/ 
n-3 


Species 


ESFA 


]T MUFA 


]T PUFA 


PUFA/ 
SFA 


n-o/ 
n-3 


CI 














CI 














PL 


26.73 ± 0.93d 


54.91 ±1.471 


18.36 


±0.70?, 


0.69 a 


1.44 d 


PL 


24.62 ± 


0.935 


18.81 ± 0.76b 


56.57 ± 1.67b 


2.30 b 


4.10a 


FFA 


5 1. 54 ± 1.50b 


40.44 ± 1.16b 


8.02 


±0.32 c b 


0.16b 


2.65c 


FFA 


34.92 ± 


1.125 


22.95 ± 0.785 


42.1 3 ±1.301 


1.21c 


2.57b 


TAG 


40.41 ± 1.30c 


56.41 ±1.561 


3.18 


±0.155 


0.08b 


5.49b 


TAG 


1 1 .26 ± 


0.505 


20.87 ± 0.795b 


67.87 ± 1 .941 


6.03a 


1.80 d 


SE 


69.94 ±2.271 


22.93 ± 0.745 


7.13 


±0.295 


0.10b 


6.59a 


SE 


58.63 ± 


1.621 


15.37 ±0.545 


25.99 ±0.725 


044 d 


2.27 c 


C2 














C2 














PL 


1 8.99 ± 0.665 


55.09 ± 1.37b 


25.92 


± 0.885 


136 a 


1.93c 


PL 


24.34 ± 


0.795 


18.36 ±0.605 


57.29 ± 1.61g 


2.35 b 


4.56a 


FFA 


52.74 ± 1.57t, 


40.98 ± 0.965 


6.28 


±0.24 c b 


0.12b 


2.74b 


FFA 


40.52 + 


1.19b 


19.50 ±0.635 


39.98 ±1.251 


0.99c 


2.28b 


TAG 


27.1 5 ±0.97^? 


68.86 ±1.591 


3.99 


± 0.22= 


0.15 b 


1.71c 


TAG 


8.22 ± 


0.425 


15.08 ±0.655 


76.70 ±2.051 


9.33 a 


1.35 d 


SE 


67.86 ±1.671 


24.86 ± 0.975 


7.28 


± 0.385 


0.11b 


9.71a 


SE 


59.49 ± 


1.811 


14.22 ±0.605 


26.29 ±0.985 


044 d 


2.01 c 


C3 














C3 














PL 


26.56 ±0.725 


49.26 ± 1.431, 


2418 


± 0.88a 


0.91a 


4.12c 


PL 


28.70 ± 


0.985 


17.07 ±0.725 


54.23+ 1.37b 


1.89b 


3.07a 


FFA 


55.04 ± 1.56t, 


38.24 ±1.245 


6.72 


±0.215 


0.12b 


2.54 d 


FFA 


44.20 ± 


1.43b 


17.48 ±0.475 


38.32 ±1.375 


0.87c 


2.06c 


TAG 


41. 56 ± 1.32c 


52.97 ±1.311 


5.47 


±0.215 


0.1 3 b 


7.67a 


TAG 


12.14+ 


0.535 


20.03 ± 0.805 


67.83 ± 1 .981 


5.59a 


1.13d 


SE 


70.54 ±1.901 


19.66±0.705 


9.80 


±0.335 


0.14b 


7.17b 


SE 


63.40 ± 


1.941 


12.52 ±0.495 


24.08 ±0.935 


0.38 d 


2.31b 


C4 














C4 














PL 


29.29 ±0.86d 


51.21 ±1.451 


19.49 


±0.645 


0.67a 


3.10b 


PL 


25.63 ± 


0.885 


1 7.44 ± 0.585b 


56.93 ± 1 .72 b 


2.22 b 


3.11a 


FFA 


55.1 5 ± 1.50b 


37.99 ± 1.265 


6.86 


± 0.285 


0.12b 


1.77c 


FFA 


44.85 + 


1.191 


1 5.85 ± 0.545 


39.30 ± 1 .30c 


0.88c 


2.22b 


TAG 


41 . 70 ± 1.23c 


53.87 ±1.451 


4.43 


±0.195 


0-1 i b 


8.52a 


TAG 


12.55 + 


0.535 


1 8.35 ± 0.745 


69.10 ±1.981 


5.51a 


1.14 c 


SE 


65.36 ±1.631 


27.84 ±0.875 


6.80 


±0.25 b 


0.10b 


3.25b 


SE 


63.92 ± 


1.951 


13.03 ±0.41 5 


23.05 ± 0.805 


0.36 d 


2.34b 


C5 














C5 














PL 


24.53 ±0.77d 


56.65 ± 1 .651 


18.82 


±0.52= 


0.77a 


3.09c 


PL 


29.22 ± 


1.145 


1 6.88 ± 0.755 b 


53.90 ± 1.63b 


1.84b 


3.13a 


FFA 


49.1 6 ± 1.561, 


42.55 ± 1 .445 


8.29 


±0.295 


0.17b 


2.45 d 


FFA 


34.60 + 


1.315 


16.32 ±0.565 


49.08 ± 1 .621 


1.42 c 


1.51 c 


TAG 


40.64 ±1.095 


55.81 ±1.421 


3.55 


±0.175 


0.09 c 


477 b 


TAG 


1 2.05 ± 


0495 


1 8.63 ± 0.675 


69.32 ±2.221 


5.75 a 


1.04 d 


SE 


7 1.02 ±1.621 


22.1 8 ±0.745 


6.80 


± 0.255 


0.1 0 C 


5.80a 


SE 


62.85 ± 


2.091 


14.40 ±0.585 


22.75 ± 0.705 


0.36 d 


2.30 b 


C6 














C6 














PL 


23.77 ±0.745 


55.22 ±1.651 


21.01 


± 0.49= 


0.88a 


2.56c 


PL 


28.60 ± 


0.845 


19.35 ±0.585 


52.05 ± 1 .64 b 


1.82b 


3.95a 


FFA 


50.41 ±1.14 b 


41 . 47 ± 1.055 


8.12 


±0.255 


0.16b 


2.75 c 


FFA 


42.80 ± 


1.37 a b 


17.08 ±0.575 


40.1 2 ±1.555 


0.94c 


1.87 c 


TAG 


38.55 ±1.311? 


57.25 ±1.911 


4.20 


±0.19§ 


0.11 c 


5.22 b 


TAG 


1 0.62 ± 


0.515 


20.83 ± 0.655 


68.55 ± 2.021 


6.46a 


1.38 d 


SE 


67.96 ±1.651 


25.56 ±0.865 


6.48 


±0.255 


0.10c 


7.31a 


SE 


62.62 + 


2.201 


14.38 ±0.5 15 


23.00 ±0.705 


0.37 d 


2.97b 



Values are mean ± SD of three samples, analyzed individually in triplicate 
Means in the same row followed by different superscript letters indicate 
significant differences (p<0.05) among fatty acid classes; means in the same 
column followed by different subscript letters indicate significant differences 
(p<0.05) among lipid classes of each cultivar. 

PL, polar lipids; FFA, free fatty acids; TAG, triacylglycerols; SE, steryl esters; SFA, 
saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, 
polyunsaturated fatty acids. 



Values are mean ± SD of three samples, analyzed individually in triplicate 
Means in the same row followed by different superscript letters indicate 
significant differences (p<0.05) among fatty acid classes; means in the same 
column followed by different subscript letters indicate significant differences 
(p<0.05) among lipid classes of each cultivar. 

PL, polar lipids; FFA, free fatty acids; TAG, triacylglycerols; SE, steryl esters; SFA, 
saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, 
polyunsaturated fatty acids. 



p< 0.001) and vice versa for PUFAs (21.3% vs 54.9%, 
p< 0.001). 

Fatty acid composition of SEs 

The major fatty acids in ascending order in all berry soft 
part oils were linoleic (5-9%), oleic (16-26%), palmitic 
(24-30%), and stearic (33-41%). The relatively high values 



of n-6/n-3 ratios of the berry pulp/peel oils SEs closely 
resembled those of the berry pulp/peel oil TAGs, except- 
ing cultivars C2 and C4 (see Table 5). Comparing with 
the other lipid fractions from these oils, the SEs had the 
highest content of SFAs (p < 0.05). This class of fatty acids 
were also predominant in seed oil SEs due to their high 
content of palmitic and stearic acids (Tables 4 and 6). 
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Figure 3 GC-MS chromatogram of FAMEs from the TAGs of pulp/peel (a) and seeds (b) of sea buckthorn berries (ssp. carpatica). 



It is interesting to note that the arachidic acid levels 
were around of 2% in pulp/peel oils SEs and between 3% 
and 6% in seed oils SEs. 

The long chain saturated fatty acids, with more than 
20 carbons, are major structural components of plant 
cuticular lipids [26]. 

Average proportions of MUFAs and SFAs were signifi- 
cantly higher in pulp/peel oils SEs than in seed oils 
SEs (p < 0.01) and vice versa for PUFAs (p < 0.001) (see 
Figure 4 (a), (b) and (c)). 

The levels of SFAs from studied SB oils SEs were com- 
parable to those reported for other berry SE fractions 
[27,28]. 

Fatty acid composition of FFA 

The fatty acid profiles of the FFA fractions of pulp/peel 
and seed oils were relatively similar to those of TAGs 
excepting the proportions for stearic acid (in berry pulp/ 
peel oils) and for palmitic, stearic and a-linolenic acids 
(in seed oils), respectively (Tables 3 and 4). Generally, 
the SFAs were the most representative in all analysed 
cultivars, followed by MUFAs in pulp/peel and PUFAs 



in seed oils FFAs, respectively (Tables 5 and 6). Low 
levels of free fatty acids (2-4%) have been reported for 
oils from air- and freeze- dried SB (cultivar Indian- Sum- 
mer) seeds and pulps by Gutierrez et al. [18], with the 
similar fatty acid profiles to those of neutral lipids. The 
quality of the vegetable oils depends on their lipid pro- 
file. A high proportion of the free fatty acids offers an 
unacceptable flavour to the oils [29]. Differences be- 
tween the fatty acid profiles of the studied lipid fractions 
could be due to the different phases of biosynthesis and 
accumulation of TAGs, SEs, PLs and fatty acids. In the 
first stage PLs and SEs are synthesized with the SFAs as 
dominating fatty acid classes in their composition. The 
TAGs proportion, with high unsaturated fatty acid con- 
tent, increases in the second phase of biosynthesis 
[28,30,31]. 

Conclusions 

This study provides valuable information about the fatty 
acid composition of the major lipid fractions (PLs, FFAs, 
TAGs and SEs) in the oils extracted from different berry 
parts of six SB subspecies (ssp. carpatica). 
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Lipid classes 

Figure 4 The average proportions of fatty acid classes (3a- % of MUFAs, 3b- % of SFAs, 3c- % of PUFAs) in lipid fractions from pulp/ 
peel and seeds of sea buckthorn berries (ssp. carpatica). 



Comparing with the other European or Asiatic SB sub- 
species, all berry parts of the analyzed cultivars exhibited 
higher oil content. Moreover, the pulp/peel oils of ssp. 
carpatica were found to contain high levels of oleic acid 
and slightly lower amounts of linoleic and ct-linolenic acids. 

The PLs presented the highest PUFA/SFA ratios be- 
tween the analysed pulp/peel lipid fractions (from 0.67 
to 1.36), values which were close to the recommended 
PUFA/SFA intake of nutrition scientists (1-1.5). 

The seed oils could be considered excellent sources of 
PUFAs due to their high contents of linoleic and a- 
linolenic acids which in human body are precursors of 
other long-chain n-3 and n-6 fatty acids. 

The data obtained in the present work are useful to 
identify suitable SB cultivars when organizing the berry 
breeding programs and also provides important informa- 
tion for food and pharmaceutical industry. 



Methods 

Samples and chemicals 

Berries of SB (Hippophae rhamnoides L., ssp. carpatica, cvs. 
Auras (CI), Serpenta (C2), Tiberiu (C3), Victoria (C4), 
Ovidiu (C5) and Silvia (C6)) were collected from the experi- 
mental field of the Fruit Research Station- Bacau, Romania. 
The fruits were collected during June to November of 2011 
at the stage of commercial maturity and were stored in poly- 
ethylene bags at -20°C until analysis. 



Seeds were isolated manually from the fruits just be- 
fore analysis at the laboratory. 

Standards of fatty acid methyl esters (37component 
FAME Mix, SUPELCO, catalog No: 47885-U) were pur- 
chased from Supelco (Bellefonte, PA, USA). All reagents, 
chemicals of analytical or HPLC purity and polar 
lipid standards were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). The thin layer chromatography 
(TLC) plates (silica gel 60 F254, 20 x 20 cm) were pur- 
chased from Merck (Darmstadt, Germany). 



Lipid extraction 

The oils of the whole berries, pulp/peel and seeds were 
extracted from 5 g of samples using a methanol/chloro- 
form extraction procedure [17,32]. The sample was 
homogenized in methanol (50 mL) for 1 min with a 
high-power homogeniser (MICCRA D-9, Germany), 
chloroform (100 mL) was added, and homogenization 
was continued for a further 2 min. The mixture was fil- 
tered and the solid residue resuspended in chloroform: 
methanol (2:1, v/v, 150 mL) and homogenized for an- 
other 3 min. The mixture was filtered again and washed 
with 150 mL chloroform: methanol (2:1, v/v). The fil- 
trates were combined and cleaned with 0.88% potassium 
chloride water solution and methanol: water (1:1, v/v) 
solution. The bottom layer containing the purified lipids 
was filtered before the solvent was removed on a rotary 
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evaporator. The lipid samples were transferred to vials 
with 4 mL chloroform (stock solution), and stored at 
-18°C until they were analyzed. 

Fatty acid composition 

Fatty acid methyl esters (FAMEs) were obtained from 
lipids using acid-catalysed transesterification procedure 
described by Christie [33]. 

For total FAME analysis, 0.2 mL of each oil extract 
(stock solution) was dissolved in 1 ml toluene and then 
methylated with 1% sulfuric acid in methanol (2 ml), 
using a 15 mL screw-cap Pyrex culture tube at 80°Cfor 
2 h. After cooling to room temperature, 5 ml of water 
(with 5%NaCl) and 2 mL hexane were added. The hex- 
ane layer was collected and concentrated before the 
FAMEs were applied to TLC plates. The loaded TLC 
plates were developed in a mixture of petroleum ether: 
diethyl ether: acetic acid (85:15:1, v/v/v), sprayed with 1\ 
7'-dichlorofluoroscein/methanol (0.1% w/v) and viewed 
under UV light (254 nm) [34]. The corresponding FAME 
band was scraped and eluted with chloroform. The 
eluent was removed with a gentle nitrogen stream. The 
FAMEs were dissolved in 1 mL hexane and placed into a 
gas chromatography (GC) vial. The vial was capped and 
placed at -18°C until GC analysis. 

The lipid classes (PLs, FFAs, TAGs and SEs) were 
separated also by TLC. For fractionation, 0.2 ml of each 
oil (stock solution) was applied on the TLC plates, de- 
veloped and viewed under UV light as above. The 
polar lipids remained at the origin of the plates (the 
first band). The other major lipid class bands from 
TLC plates, were identified using commercial standards 
(which were run in parallel with the samples) and then 
scraped from the plates. The bands for PLs and FFAs 
were eluted with methanol: chloroform (1:1, v/v), and 
the upper two major bands corresponding to TAGs and 
SE respectively, were eluted with chloroform. After the 
chloroform was evaporated under a nitrogen stream, the 
lipid classes were methylated (20 min at reflux for PLs 
and 2 h at reflux for the other lipid fractions). The ex- 
traction of the corresponding FAMEs in hexane was 
done as described above. 

Analysis of FAMEs by GC 

The FAMEs were determined by gas chromatography- 
mass spectrometry (GC-MS), using a PerkinElmer Clarus 
600 T GC-MS (PerkinElmer, Inc., Shelton, U.S.A.) equ- 
ipped with a SUPELCOWAX 10 column (60 m x 
0.25 mm i.d., 0.25 um film thickness; Supelco Inc., 
Bellefonte, PA). The initial oven temperature was 140°C, 
increased to 220°C with a rate of 7°C/min and then held at 
this temperature for 23 min. Flow rate of the carrier gas 
He and the split ratio were 0.8 ml/min and 1:24, respect- 
ively. The injector temperature was 210°C. The positive 



ion electron impact (EI) mass spectra was recorded at an 
ionization energy of 70 eV and a trap current of 100 uA 
with a source temperature of 150°C. The mass scans were 
performed within the range of m/z: 22-395 at a rate of 

0. 14 scan/s with an intermediate time of 0.02 s between 
the scans. The injection volume was 0.5 pi. Identification 
of FAMEs was done comparing their retention times with 
those of known standards (37component FAME Mix, 
SUPELCO # 47885-U) and the resulting mass spectra to 
the ones from our database (NIST MS Search 2.0). 

Statistical analyses 

All the extractions and GC-MS analysis were made in 
triplicate. Dates were expressed as mean ± S.D. Statis- 
tical differences among samples were estimated using 
Student's i-test and ANOVA (Tukey's Multiple Compari- 
son Test; GraphPad Prism Version 4.0, Graph Pad Soft- 
ware Inc., San Diego CA). P < 0.05 was accepted to be 
statistical significant. 
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buckthorn; fw.: Fresh weight; w/w: Weight/weight; cv: Cultivars; FAMEs: Fatty 
acid methyl esters; TLC: Thin layer chromatography; GC-MS: Gas 
chromatography-mass spectrometry. 

Competing interests 

The author declares that he has no competing interests. 
Authors' contributions 

FVD carried out all experiments and prepared the final manuscript. 
Acknowledgements 

This work was financially supported by the Research Grant of University of 
Agricultural Sciences and Veterinary Medicine nr. 1 21 5/4, 2012, Cluj-Napoca, 
Romania. The author thanks dr. I.V. Rati and prof, dr Carmen Socaciu for 
providing the sea buckthorn berries. 

Received: 24 June 2012 Accepted: 17 September 2012 
Published: 20 September 2012 

References 

1. Kalia RK, Singh R, Rai MK, Mishra GP, Singh SR, Dhawan AK: 
Biotechnological interventions in sea buckthorn (Hippophae L): current 
status and future prospects. Trees 201 1, 25:559-575. 

2. Ranjith A, Kumar KS, Venugopalan W, Arumughan C, Sawhney RC, Singh V: 
Fatty acids, tocols, and carotenoids in pulp oil of three sea buckthorn 
species (Hippophae rhamnoides, H. salicifolia, and H. tibetana) grown in 
the Indian Himalayas. J Am Oil Chem Soc 2006, 83:359-364. 

3. Vincze I, Banyai-Stefanovits E, Vatai GY: Concentration of sea buckthorn 
(Hippophae rhamnoides L.) juice with membrane separation. Sep Purif 
Technol 2007, 57:455-460. 

4. Vodnar DC, Socaciu C: Green tea increases the survival yield of 
Bifidobacteria in simulated gastrointestinal environment and during 
refrigerated conditions. Chem Cent J 2012, 6:61. 

5. Yang B, Zheng J, Kallio H: Influence of origin, harvesting time and 
weather conditions on content of inositols and methylinositols in sea 
buckthorn (Hippophae rhamnoides) berries. Food Chem 201 1, 
125(2)388-396. 

6. Pintea A, Marpeau A, Faye M, Socaciu C, Gleizes M: Polar lipid and fatty 
acid distribution in carotenolipoprotein complexes extracted from sea 
buckthorn fruits. Phytochem Analysis 2001, 12:293-298. 



Dulf Chemistry Central Journal 201 2, 6:1 06 
http://journal.chemistrycentral.eom/content/6/1/106 



Page 12 of 12 



10. 



12. 



13. 



14. 



16. 



17. 



20. 



22. 



23. 



24. 



25. 



26. 



27. 



28. 



Nemes-Nagy E, Szocs-Molnar T, Dunca I, Balogh-Samarghitan V, Hobai S, 
Morar R, Pusta DL, Craclun EC: Effect of a dietary supplement containing 
blueberry and sea buckthorn concentrate on antioxidant capacity in 
type 1 diabetic children. Acta Physiol Hung 2008, 95(4):383-393. 
Teng BS, Lu YH, Wang ZT, Tao XY, Wei DZ: In vitro anti-tumor activity of 
isorhamnetin isolated from Hippophae rhamnoides L. against BEL-7402 
cells. Pharmacol Res 2006, 54(3)4 86-194. 

Zeb A: Anticarcinogenic potential of lipids from Hippophae — Evidence 
from the recent literature. Asian Pad Cancer Prev 2006, 7:32-35. 
Larmo P, Alin J, Salminen E, Kallio H, Tahvonen R: Effects of sea buckthorn 
berries on infections and inflammation: a double-blind, randomized, 
placebo-controlled trial. Eur J Clin Nutr 2008, 62(9)41 23-1 130. 
Koyama T, Taka A, Togashi H: Effects of a herbal medicine, Hippophae 
rhamnoides, on cardiovascular functions and coronary microvessels in 
the spontaneously hypertensive stroke-prone rat. Clin Hemorheol Microcirc 
2009,41(1)4 7-26. 

Geetha S, Singh V, Ram MS, llavazhagan G, Banerjee PK, Sawhney RC: 
Immunomodulatory effects of sea buckthorn (Hippophae rhamnoides L.) 
against chromium (VI) induced immunosuppression. Mol Cell Biochem 

2005, 278:101-109. 

Johansson AK, Korte H, Yang B, Stanley JC, Kallio HP: Sea buckthorn berry 
oil inhibits platelet aggregation. Ibid 2000, 11:491-495. 
Xing J, Yang B, Dong Y, Wang B, Wang J, Kallio H: Effects of seabuckthorn 
seed and pulp oils on experimental models of gastric ulcer in rats. 

Fitoterapia 2002, 73:644-650. 

Yang B, Kalllmo KO, Manila LM, Kallio SE, Katajisto JK, Peltola OJ, Kallio HP: 
Effects of dietary supplementation with sea buckthorn (Hippophae 
rhamnoides) seed and pulp oils on atopic dermatitis. J Nutr Biochem 1999, 
10:622-630. 

Kallio H, Yang B, Peippo P, Tahvonen R, Pan R: Triacylglycerols, 
glycerophospholipids, tocopherols, and tocotrienols in berries and seeds 
of two subspecies (ssp. sinensis and mongolica) of sea buckthorn 
(Hippophae rhamnoides). J Agric Food Chem 2002, 50:3004-3009. 
Yang BR, Kallio HP: Fatty acid composition of lipids in sea buckthorn 
(Hippophae rhamnoides L.) berries of different origins. J Agric Food Chem 
2001,49:1939-1947. 

Gutierrez L-F, Ratti C, Belkacemi K: Effects of drying method on the 
extraction yields and quality of oils from quebec sea buckthorn 
(Hippophae rhamnoides L.) seeds and pulp. Food Chem 2008, 106:896-904. 
Bal LM, Meda V, Naik SN, Satya S: Sea buckthorn berries: a potential 
source of valuable nutrients for nutraceuticals and cosmoceuticals. Food 
Reslnt 2011,44:1718-1727. 

Fatima T, Snyder CL, Schroeder WR, Cram D, Datla R, Wishart D, Weselake 
RJ, Krishna P: Fatty Acid Composition of Developing Sea Buckthorn 
(Hippophae rhamnoides L.) Berry and the Transcriptome of the Mature 
Seed. PLoS One 2012, 7(4):e34099. 

Vodnar DC: Inhibition of Listeria monocytogenes ATCC 191 15 on ham 
steak by tea bioactive compounds incorporated into chitosan-coated 
plastic films. Chem Central J 2012, 6:74. 

Yang B, Ahotupa M, Maatta P, Kallio H: Composition and antioxidative 
activities of supercritical C0 2 -extracted oils from seeds and soft parts of 
northern berries. Food Res Int 201 1, 44(7)2009-2017. 
Kang MJ, Shin MS, Park JN, Lee SS: The effects of polyunsaturated: 
saturated fatty acids ratios and peroxidisability index values of dietary 
fats on serum lipid profiles and hepatic enzyme activities in rats. Brit J 
Nutr 2005, 94:526-532. 

Guo Z, Miura K, Turin TC, Hozawa A, Okuda N, Okamura T, Saitoh S, et ai: 
Relationship of the polyunsaturated to saturated fatty acid ratio to 
cardiovascular risk factors and metabolic syndrome in Japanese: the 
INTERLIPID study. J Atheroscler Thromb 201 0, 1 7(8):777-784. 
Simopoulos AP: The importance of the ratio of omega-6/omega-3 
essential fatty acids. Biomed Pharmacother 2002, 56:365-379. 
Gurr Ml, Harwood JL, Frayn K: Lipid Biochemistry: An Introduction. 5th edition. 
London: Blackwell Science Ltd; 2002. 

Yang B, Koponen J, Tahvonen R, Kallio H: Plant sterols in seeds of two 
species of Vaccinium (Vaccinum myrtillus and Vaccinium vitis-idaea) 
naturally distributed in Finland. Eur Food Res Technol 2003, 216(1 ):34-38. 
Zlatanov MD: Lipid composition of Bulgarian chokeberry, black currant 
and rose hip seed oils. J Sci Food Agric 1 999, 79:1 620-1 624. 



29. 



30. 



32. 



33. 



34. 



Yi C, Shi J, Kramer J, Xue S, Jiang Y, Zhang M, Ma Y, Pohorly J: Fatty acid 
composition and phenolic antioxidants of winemaking pomace powder. 

Food Chem 2009, 1 14:570-576. 

Sharma P, Malik CP: Triacylglycerol synthesis in developing kernels of 
groundnut as influenced by aliphatic alcohols. Phytochem 1994, 36 
(4):899-902. 

Zlatanov M, Pavlova K, Antova G, Angelova-Romova M, Georgieva K, 
Rousenova-Videva S: Biomass production by antarctic yeast strains. 

Biotechnol Biotec Eg 2010, 24(4)2096-2101. 

Dulf FV, Andrei S, Bunea A, Socaciu C: Fatty acid and phytosterol contents of 
some Romanian wild and cultivated berry pomaces. Chem Pap 2012, 1-10. 
doi:10.2478/sl 1696-012-0156-0. 

Christie WW: Preparation of methyl ester and other derivatives. In Gas 

Chromatography and Lipids. A Practical Guide. Edited by Christie W. Glasgow, 
Great Britain: The Oily Press: 1989:36-47. 

Kramer JKG, Cruz-Hernandez C, Deng Z, Zhou J, Jahreis G, Dugan MER: 
Analysis of conjugated linoleic acid and trans 18:1 isomers in synthetic 
and animal products. Am J Clin Nutr 2004, 79:1 137S-1 145S. 



doi:1 0.1 1 86/1 752-1 53X-6-1 06 

Cite this article as: Dulf: Fatty acids in berry lipids of six sea buckthorn 
(Hippophae rhamnoides L, subspecies carpatica) cultivars grown in 
Romania. Chemistry Central Journal 2012 6:106. 



Publish with ChemistryCentral and every 
scientist can read your work free of charge 

"Open access provides opportunities to our 
colleagues in other parts of the globe, by allowing 
anyone to view the content free of charge. " 

W. Jeffery Hurst, The Hershey Company. 

• available free of charge to the entire scientific community 

• peer reviewed and published immediately upon acceptance 

• cited in PubMed and archived on PubMed Central 

• yours — you keep the copyright 



Submit your manuscript here: 
http://www.chemistrycentral.com/manuscript/ 



ChemistryCentral 



